The majority of disorders associated with increased risk of sudden cardiac death (SCD), such as cardiomyopathies and primary electrical diseases, are suggested by abnormal findings present on an ECG. ECG interpretation in athletes requires careful analysis to properly distinguish physiological changes related to athlete's heart from findings suggestive of an underlying pathological cardiac condition. Whether used for the diagnostic evaluation of cardiovascular-related symptoms, a family history of inheritable cardiac disease or SCD, or for screening of asymptomatic athletes, ECG interpretation is an important skill for physicians involved in the cardiovascular care of athletes.
The purpose of this short report is to guide the clinician on the use of a two-page ECG criteria tool (Appendix, pages i7-i8). The science underpinning this instrument has been reported 2 and demonstrates that providing standardised criteria to assist ECG interpretation in athletes significantly improves accuracy to distinguish normal from abnormal findings across physician specialties, even in physicians with little or no experience. The first page of the criteria tool consists of two tables. Table 1 lists each individual ECG criterion that should be considered abnormal, unrelated to athletic training, and warrants additional investigation for disorders predisposing to SCD. Table 2 lists the normal and physiological ECG changes commonly found in trained athletes that should not trigger additional testing. The second page of the tool (Appendix, page i8) displays several examples of uncommon ECG patterns.
CLASSIFYING ECGs AS NORMAL OR ABNORMAL
The goal of ECG interpretation in athletes is to classify the ECG as: (1) 'normal'-no further evaluation needed or (2) 'abnormal'-further evaluation needed. Normal ECGs include common, training-related findings in athletes such as high QRS amplitude meeting voltage criteria for left ventricular hypertrophy, early repolarisation, sinus bradycardia, sinus arrhythmia and 1°atrioventricular block. Abnormal findings are unrelated to regular training and also found in underlying pathological cardiac conditions. These include findings suggestive of cardiomyopathy such as T-wave inversion, ST depression, pathological Q-waves, left axis deviation and conduction delays and findings suggestive or diagnostic of primary electrical diseases such as long QT syndrome and WolffParkinson-White syndrome.
The evaluation of abnormal ECG findings is ideally performed in consultation with a specialist with experience in athlete's heart and disorders associated with SCD in athletes. However, even if properly interpreted, ECG will not detect all conditions at risk for SCD. Further diagnostic testing often requires advanced cardiac imaging (echocardiography or cardiac magnetic resonance), ambulatory or exercise ECG monitoring, and less commonly genetic testing or electrophysiological study. Physicians may modify the ECG criteria or diagnostic testing based on past experience, practice setting or the presence or absence of concerning symptoms or family history.
AN IMPORTANT STEP BUT WHAT IS NEXT?
This practical tool (which may be reproduced unchanged with citation to the BJSM pages i7-i8) represents only a starting point to improve ECG interpretation in athletes. Physicians also may benefit by reviewing published guidelines outlining modern criteria for ECG interpretation in athletes. [3] [4] [5] In addition, an international group of experts convened in Seattle in February 2012 to refine ECG interpretation criteria and develop an online training module for physicians around the world to gain a common foundation in ECG interpretation in athletes. This free online training course, cosponsored by the American Medical Society for Sports Medicine and FIFA, will be hosted by BMJ Learning and will launch early in 2013. Until then, use of this instrument can provide physicians standardised criteria to assist them in interpreting an athlete's ECG. Couplets, triplets and non-sustained ventricular tachycardia 1 Note: Exception to T wave inversion: elevated ST-segment with an upward ('domed') convexity, followed by a negative T-wave in V 2 -V 4 is a common pattern of early repolarisation seen in athletes of African-Caribbean descent and should be considered normal ( figure 1 ). This should not to be confused with the downsloping ST segment elevation in V 1 -V 3 found in a Brugada-like ECG pattern which is abnormal (figure 6). AV, atrioventricular. 
